Pollen exhibits several characteristics which allow it to serve as an exceptionally fine indicator of environmental mutagenesis. It is haploid, available in very large numbers, and microscopic. Furthermore, its viability may be tested by a wide variety of methods and, perhaps most importantly, this viability is dependant upon a large number of loci. Pfahler (1) has summarized a series of studies which indicate, not only that even very small deletions in virtually any part of the genome will induce pollen abortion, but also that many point mutations will have equally lethal effects upon the male gametophyte. This suggests that if we employ pollen viability as an indicator of environmentally induced mutation, we shall have a system of exceptional sensitivity, a system in which not one, but perhaps thousands of loci in each pollen grain will serve as possible indicators of genetic changes. What remains to be done now is to determine how the system may be employed, what controls it provides, and what methods and taxa are most promising.
The primary difficulty of working with pollen is that not only is is exceptionally sensitive to genetic changes in the gametophytic genotype, it is also * Department of Botany, University of Massachusetts, Amherst, Massachusetts 01003.
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very sensitive to nonmutagenic environmental stresses. For example, once the meiotic process starts, even moderate temperature or drought stress can totally disrupt pollen development. As a consequence of this, pollen viability exhibits an extremely high degree of day to day variation, a fact which could effectively exclude pollen viability as an indicator of environmental mutagenesis were it not for the existence of a suitable control, pollen in tetrads.
In the typical pattern of pollen development (2) , the callose wall which joins the four haploid products of meiosis breaks down and the individual microspores separate before completing their conversion to mature pollen grains. However, Erdtman (3) has reported that, in at least 41 families of flowering plants, there are exceptions to this pattern. In these exceptional cases, microspores do not separate after meiosis. Instead they remain bound to each other as dyads or, more commonly, as tetrads. [Barber (4) (5) . Furthermore, because environmental stresses very often induce abortion of 100% of the pollen grains, there is also a quantitative difference between the effects of environmental stress and mutagenesis as sources of pollen inviability.] If pollen grains separate at maturity, it will not be possible to distinguish between these two sources of pollen inviability. If, however, pollen is shed in tetrads, the segregation which characterizes the effects of environmental mutagenesis will be immediately apparent. This is the concept upon which the method suggested in this paper is based. It should be emphasized that this concept will be applicable only when the test organism is highly inbred or known to be free of heterozygous temperature or other stress sensitive alleles. Otherwise also environmental stress will result in patterns of segregation.
Analysis of Pollen Tetrad Data
In calculating the incidence of environmental mutagenesis, it is necessary to consider that a tetrad which contains a single inviable pollen grain will mark the occurrence of a single postpachytene mutation. Similarly, a tetrad which contains two inviable pollen grains will, in most cases, indicate that diploid cell which was ancestral to that tetrad had also undergone a single mutagenic event. In some, the frequency of which is easily calculated ( (6) and they point to a major difficulty of using data from individual pollen grains (7) 
Tetrad Methodology in Selected Taxa
In a number of species, the time honored test for pollen viability is aniline blue (0.05%) dissolved in lactophenol (8) . This method is especially useful because it is simply a test for the presence of cytoplasm within pollen grains and thus it may be applied to preserved pollen, including that from herbarium specimens. Its use is illustrated in Figure 1 , which shows to tetrad of Typha latifolia (Typhaceae) pollen, and in Figure 2 , which illustrates a tetrad of pollen from Kalmia latifolia (Ericaceae) In some taxa, such as Pierisjaponica (Ericaceae), inviable pollen grains are obviously smaller in size than are viable grains (Figs. 3 and 5 ). This is a particularly useful (although unusual) characteristic of pollen. More typically, inviable pollen grains will have the external appearance of viable grains. Given this exception, a solution of 5-10% sucrose. nr alternatively, 8M NaOH, can be used to render the tetrads highly transparent. It is then possible to determine their contents quite unambiguously.
A study of Pieris japonica pollen tetrads illustrates some of the contrasting advantages of volumetric and colorimetric indicators of pollen viability. Volumetric differences, when they are available, can certainly be determined quite unambiguously. They are, however, not very obvious under low magnification. Consequently, scanning must be carried out at high magnification, greatly reducing the speed with which tetrads can be scored. Colorimetric indications of pollen viability are sometimes rather ambiguous but suspected cases of inviable grains can be detected in a visual field of low magnification. These considerations suggest that an investigator equipped with only standard microscopes would be well advised to use a species which gives a volumetric indication of pollen viability. With a flow cytometer to make fluorescent measurements on large numbers of tetrads, fluorescent and visible light techniques might be the method of choice. However, unless unambiguous colorimetric methods are available, it may be that the best method would be to employ a Coulter counter, or other instruments which determine volume of small particles. Such counters are widely available and have the added advantage that they could be used to score both fresh and preserved material.
